Case report
A 44-year-old lady presented to the emergency department (ED) in October 2003 with a chief complaint of a puncture wound at the dorsum of her left ankle. The day prior to presentation, she fell on a tree and her left ankle was punctured. She claimed that she had removed all wooden materials already. Physical examination revealed a 3 mm puncture wound at the dorsum of her left ankle. There were also surrounding swelling, tenderness and erythema. X-ray did not show any foreign body. Oral antibiotics were prescribed. She was followed up three days later and examination showed persistent infection. She was admitted to the observation ward for intravenous antibiotics. The emergency physician in charge of the observation ward suspected retained foreign body with abscess formation. Since access to high-resolution ultrasound was not available in the observation ward, incision and drainage with blind surgical exploration was done instead. As the patient claimed that the direction of puncture was from distal to proximal, the exploration wound was extended 1 cm proximal to the puncture wound. No foreign body was found. The patient was discharged and advised that further imaging or exploration might be needed if infection persisted.
She was regularly followed up in the emergency department. Four weeks after injury, she was seen by an emergency physician who had good experience in emergency ultrasound. As she complained of persistent drainage from the wound (Figure 1 ), bedside ultrasound examination was done with a Toshiba Capasee II and a 7.5 MHz linear probe. An acoustic shadow was seen 2 cm proximal to the puncture wound, but no definite foreign body could be delineated. Fortuitously, there was a more advanced demo machine (GE Logic 3 with 10 MHz linear probe) on loan to the ED, and ultrasound examination was repeated. Better imaging was acquired and an echogenic foreign body causing an acoustic shadow was delineated (Figure 2) . A 5 mm x 5 mm wooden foreign body was removed under local anaesthesia. Another 2 mm x 1 mm wooden foreign body was also found next to the larger one ( Figure 3 ). The wound was left open after exploration.
She was seen again one week later. There was decreased but still persistent drainage from the wound. Ultrasound examination was repeated with another demo machine (GE Logic 5 with 10 MHz linear probe). Multiple echogenic foci with hypoechoic halos were found (Figure 4 ). Exploration was repeated under local anaesthesia. Hypodermic needles were inserted towards the suspected foreign bodies under ultrasound guidance. Three wooden fragments sized 1 mm to 2 mm ( Figure 5 ) were found and removed.
She was seen again 10 days later. Repeat ultrasound examination did not reveal any foreign body and there was no further drainage from the wound. Secondary suturing was done and the wound healed well afterwards.
Discussion
Penetrating wounds and lacerations are common occurrences in the emergency department. Many such injuries are complicated by the presence of foreign bodies in soft tissue. Retained reactive or contaminated foreign materials may lead to severe infectious and inflammator y complications. Short-term complications include inflammation, infection, persistent pain, and functional impairment. 1 Yanay et al reported a case of retained wooden foreign body in a child's thigh complicated by severe necrotizing fasciitis, which ended up with multiple disabilities. Long-term problems include granulomas, cysts, chronic draining sinuses, sterile abscesses, arthritis, osteomyelitis, pseudotumors and delayed nerve or tendon injuries. 1 Identification of foreign bodies in soft tissue is difficult for emergency physicians. Thirty-eight percent of such foreign bodies have been overlooked at initial examination. 3 In fact, missed foreign body remains one of the most common reasons of negligence claims against emergency physicians.
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Conventional radiography can detect 80% to 90% of all foreign bodies and has 95% to 100% sensitivity in detecting radiopaque foreign bodies.
1,7-11 However, plain X-ray studies are clearly unreliable for wooden foreign bodies. Anderson et al found wood to be radiopaque only 15% of the time. 7 In many other studies, none of the wooden foreign bodies was detected. 9, 12 Blind surgical exploration is always difficult, associated with greater soft tissue damage and frequently futile.
Other imaging modalities have been advocated to identify foreign bodies. Xeroradiography is not useful for wooden foreign bodies as it yields results comparable to plain radiography but with approximately 20 times the radiation exposure. 1, 7, 13, 14 Computed tomography (CT), magnetic resonance imaging (MRI), and ultrasonography (US) have all been described for detecting wooden foreign bodies. The usefulness of CT is limited by its cost, risk of radiation, availability, and intermediate sensitivity.
Mizel et al found CT less sensitive than MRI or US in the detection of wooden foreign bodies. 13 Al-Zahrani et al claimed that an accuracy of 70% for CT was inferior to that of US (90%). 15 MRI has demonstrated excellent sensitivity for wooden foreign bodies but is even more limited by its cost, investigation time and availability. 1, 13 US is increasingly available to the emergency physician, easy to use, and cost effective. Highresolution US has been shown to have a sensitivity of 95% to 98% and a specificity of 89% to 98% in detecting non-radiopaque foreign bodies 1 to 2 mm or larger. 1, 16, 17 Sensitivity is comparable to MRI and superior to CT except for foreign bodies near bone. 13 Some investigators argue that successful soft tissue US necessitates experienced examiners. However, Orlinsky et al demonstrated that emergency physicians with no prior US experience could achieve accuracy (80%) comparable with radiologists (83%) and ultrasound technologists (85%) after a standard 2-day ultrasound course and a 1-hour foreign body detection training session. 11 The advancement of US in recent years is dramatic. Most of the studies mentioned used linear probes of 5 to 8 MHz. 9, [13] [14] [15] 18, 19 With the introduction of higher frequency probes up to 13 or 14 MHz, we expect higher soft tissue resolution resulting in higher sensitivity. 20 The very near field dead zone is minimal and a standoff transducer is frequently unnecessary. Faster scanners, increased digital processing channels, and improved post-processing applications make US easier to use and shorten the learning curve.
Wood has a very distinct signature on ultrasound. Wooden foreign bodies appear as hyperechoic foci often with acoustic shadowing and a hypoechoic halo. 1, 3, 8, 13, 15 Acoustic shadowing appears to be related to the size of the foreign body, its composition, and its orientation to the ultrasound beam. Shadows are best seen when the long axis of the object lies parallel to the scan plane and within the focal zone of the transducer. 1, 16, 21 The hypoechoic halo appears to develop over time and may not be present in the first 24 hours. 8, 16 It may represent an inflammatory response. Acoustic shadows and hypoechoic halos facilitate detection of even the smallest splinters. In a recent paper from Davae et al, power Doppler was employed to detect inflammatory changes around foreign bodies. 3 Utilising the low flow sensitivity of power Doppler, hyperaemia was constantly found in all cases of foreign bodies.
One advantage of US over other imaging modalities is that it can be used to guide foreign body exploration and removal. 1, 22 It can even be used in radiopaque foreign bodies in place of fluoroscopy and no radiation exposure is necessary. Sonographic localisation and guidance have been shown to reduce patient morbidity by reducing the size of the incision and the depth of dissection.
Knowing the pitfalls of US is essential in its clinical applications. Sensitivity is limited for foreign bodies near bone. 13 Old scar tissues, small bones and calcifications, fresh bleeding and sutures can produce false-positive findings. 16, 21 Air in soft tissue, introduced at the time of injury or during a recent wound exploration, can produce reverberations resembling foreign bodies. 21, 23 As in the case presented, interval ultrasound examination may be needed after an exploration if further foreign bodies are still suspected. If a foreign body lies beneath tendon, bone or another foreign body, the deeper object may be hidden in the acoustic shadow of the more superficial one. 24 US always underestimates the size of foreign bodies.
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Conclusion
The discovery and management of radiolucent foreign bodies in soft tissue are always challenging for emergency physicians. Vigilance of emergency physicians cannot be replaced by any advanced technology. History and physical examination serve as important screening tests. US has been proved to be a sensitive tool for emergency physicians. In cases in which retained foreign bodies are of clinical concern but conventional radiographic findings are negative, ultrasound has the potential to reduce morbidity and cost.
